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INTRODUCTION

Spacecrafts are designed to operate in all the extreme
environmental conditions so that direct sun load is faced by
one side of the spacecraft and deep cold space is faced by the
other side. This creates the thermal gradient between the sun-
light and shadowed sides of the spacecraft. The majority of
the sub-systems of the vehicle operate at maximum efficiency
within the specified temperature limit. Outside these limits,
their life-time may be reduced. In the earthen atmosphere,
temperature control can be achieved by heat exchange with
the atmosphere. But in space, heat exchange is possible only
through the radiation process. Hence, the temperature control
of the subsystems can be achieved by adjusting the ratio of solar
absorptance to infrared emittance of its surface. In order to achieve
specified temperature limits, various coatings can be applied to
the sub-systems. The absolute temperature of the spacecraft can
be predicted using the following eqn. 1, which is related to the
ratio of solar absorptance to infrared emittance [1].
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where, Ts/c is the absolute temperature of the spacecraft, S is
the solar constant (mean value 1353 W/m2), σ is the Stefan
Boltzmann constant (56.7 × 10-9 W/m-2 K-1), Ap is the projected
surface area of the spacecraft perpendicular to the solar rays
(m2), A is the total surface area of the spacecraft (m2), α is the
solar absorptance and ε is the infrared emittance of the surface.
Since S, σ, Ap and A are constant, it can be derived that the
temperature of the spacecraft is proportional to the α/ε ratio.
Different surface protective coatings were employed to control
the temperature as well as corrosion of the spacecraft parts by
controlling the α/ε ratio. Since, the spacecraft is not approach-
able to repair in its orbit, it is always better to provide the surface
finish to control the temperature limits. Based on their optical
properties, thermal control coatings can be divided into four
major groups. They are solar reflectors (low α, high ε), solar
absorbers (high α, low ε), flat reflectors (low α, low ε) and
flat absorbers (high α, high ε).

In space technology, solar reflector coatings were devel-
oped on high-strength aerospace aluminium alloys, such as
AA2024T3 in the form of an anodic oxide layer by electrolytic
anodization method [2-5]. Anodization of aluminium alloy
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can be done with a large range of electrolytes using AC or DC
current or a combination of both. On anodization, improves
the tough, corrosion as well as abrasion-resistant oxide coating
on aluminium alloys [6,7]. In addition, anodizing provides the
required optical properties (high emissivity and low absor-
ptivity) to minimize thermal cycling temperature and prevent
overheating and undercooling in every part of the spacecraft
[8-10].

The anodic oxidation method in a mixed acid system was
adopted in present work and the anodized AA2024 alloy was
obtained with a lower α/ε ratio. The study of different bath
parameters like electrolytic concentration, temperature, time,
current density, etc. was done and finally developed the anodic
oxidation process of Al 2024 alloys to get a solar reflector
surface. These are reflectors, that reflect the incident solar energy
back into space. Thermal control of the satellite is mainly
achieved by isolating it from the harsh environment of space.
This can be achieved by employing different types of coatings.
In the development of coatings, not only the current density but
also the electrolytic composition and sample surface were also
important factors, which deeply influence the coating techno-
logy. The addition of two or more different acids as an electrolyte
served as a renewed electrolyte. Studies have proved that the
addition of some organic or inorganic compounds is an effective
method to regulate the anodization process and hence the coating
morphology [11-13].

Literature shows that during the anodization process, the
most commonly used electrolytes reported are inorganic acids
such as chromic acid (type 1 used for corrosion resistance and
good paint adhesion) [14,15] or sulphuric acid (type 2 for
colouring) [16-22], phosphoric/pyrophosphoric acid [23-25],
selenic acid [26,27], boric acid [28] and organic acids such as
malonic acid [29-31], oxalic acid [32-34], citric acid [28,35,
36], malic acid [37], tartaric acid [38,39], formic acid [40],
glycolic acid [41], glutaric acid and its derivatives [42] and
also a mixture of acids such as phosphoric acid and oxalic acid
[43], sulphuric acid and boric acid [44-48] (or) tartaric acid
[49-53] (or) citric acid [54], malonic acid [55]. However, best
of our knowledge, there is no literature available on using a
mixture of sulphuric acid and hydrofluoric acid.

In the light of the above, as a continuation of our study on
thermal coatings [56], herein reporting the development of
solar reflector anodic film with low α and high ε values on
aluminium alloys in an electrolytic mixture containing H2SO4

and HF, then investigated the effect of parameters like solution
temperature, process time, current density and electrolyte
concentrations.

EXPERIMENTAL

All the solutions used were prepared by adding appropriate
amounts of laboratory-grade chemicals using de-mineralized
water. The chemicals viz. trichloroethylene, sodium carbonate,

trisodium orthophosphate, sodium lauryl sulphate, sodium
hydroxide, sulphuric acid (98%), hydrofluoric acid (40%),
nitric acid (69%) and orthophosphoric acid (85%) were procured
from the reliable commercial sources.

The microstructure of the coatings was determined by
scanning electron microscopy (Carl Zeiss, EVO 18 Research)
and the energy dispersive X-ray spectroscopy (EDS) (Oxford)
was employed to study and compare the surface morphology
and elemental analysis of the anodized samples. The Thermo
optical properties such as solar absorptance (αs) and infrared
emittance (εR) of the anodic coating were measured using an
emissometer (Devices and services Co., USA) and solar spectrum
reflectometer (Devices and services Co., USA). Coating thick-
ness measurements were done using the dual scope meter
(Helmut Fisher thickness meter). The universal hardness tester
(Indentec) was used to measure the hardness of the coatings.
The breakdown voltage of the specimens was tested using a
Zeal breakdown voltage tester.

Composition, cleaning and preparation of the alloy
sample: A deliberated specimen of aluminium alloy (AA2024)
whose chemical composition was analyzed using an optical
emission spectrometer (Thermofisher Model: ARL 3460) as
shown in Table-1. The aluminium alloy samples (40 mm × 40
mm × 5 mm) were pre-cleaned before anodization using the
following steps: The aluminium specimens were degreased or
cleaned using trichloroethylene in an ultrasonic bath for 10
min at room temperature (25 ± 5 ºC). The alloys were etched
for 60 s in an alkaline solution containing sodium carbonate
(150 g/L ), trisodium orthophosphate (120 g/L ) and sodium
lauryl sulphate (1 g/L ) and sodium hydroxide (60 g/L ) at 60
± 5 ºC. After alkaline cleaning, the substrates were thoroughly
washed with de-mineralized water and dried.

The substrate was then desmutted for 60 s by dipping in a
solution containing sulphuric acid (98%, 650 mL/L), hydro-
fluoric acid (40%, 1 mL/L) and nitric acid (70%, 250 mL/L)
at room temperature (25 ± 5 ºC) and followed by cleaning
with de-mineralized water. Finally, the substrates were cleaned
with chemical solution containing orthophosphoric acid (85%,
800 mL/L), nitric acid (70%, 35 mL/L) and copper (99.9%,
0.1 g/L) at 90 ± 2 ºC for 30 s followed by thorough rinsing
with de-mineralized water.

Anodizing and sealing: A mixed acid electrolyte with a
different combination of sulphuric acid and hydrofluoric acid
was used as the anodizing electrolyte. Anodizing is done with
a square wave pulsed direct current rectifier. The optimization
studies of the process were done by varying the thickness,
current density, time, temperature and concentration of electr-
olytes. The maintenance of bath temperature was performed
by using a chiller unit  (Julabo Model: F34). Pure lead (99.9%)
was used as a cathode in the anodizing process. Sealing was
done in hot distilled water (> 98 ºC) for 1 h. The pH of the water
was maintained at 6.5-7.0. The sulphuric acid and chromic

TABLE-1 
COMPOSITION OF ALUMINIUM 2024 ALLOY IN WEIGHT (%) 

Component Cu Fe Mg Mn Si Cr Ti Zn Al 

Weight (%) 4.50 0.12 1.43 0.49 0.05 0.01 0.02 0.02 93.31 
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acid anodized samples used for the comparison with finalized
solar reflector coatings were prepared as per bath parameters
given in Table-2.

TABLE-2 
BATH COMPOSITION AND PARAMETERS FOR  

SULPHURIC ACID AND CHROMIC ACID ANODIZATION 

Parameters Sulphuric acid  
(210 g/L) 

Chromic acid  
(40 g/L) 

Temperature (°C) 25 ± 5 40 ± 5 
Average current density (A/dm2) 20 0.6 
Time for plating (min) 20 50 
 

Optical properties: The thermooptical properties such
as solar absorptance (αs) and infrared emittance (εR) of the anodic
coating were measured using an emissometer and solar spectrum
reflectometer, respectively. In a solar spectrum reflectometer,
a tungsten lamp was used as a source of illumination. A reflected
radiation from the surface of the sample is measured at an
angle of 20º from the normal with four detectors. Summing
up these outputs gives the solar absorptance of the sample.
The emissometer was used to measure the emittance of a surface
wherein the maximum working temperature of the collector
is in the range of 80-85 ºC. The detector of the emissometer
consists of a thermopile with low and high emittance areas,
which ensures the measurement of the emissivity of the surface.
The ratio of α/ε is calculated after each trial to study the effect
of different parameters on the optical property of the coating.

Morphological and microhardness studies: The SEM
images were recorded at a voltage of 20 KV and a secondary
electron detector was used. A comparison of the chemical comp-
osition and microhardness of solar reflector coating was done
with sulphuric acid, chromic acid anodized and bare aluminium
2024 alloy samples using a Universal hardness tester.

Breakdown voltage test: For some power-driven appli-
cations of aluminium, where the requirements of conductivity
are involved, the breakdown voltage is a very important para-
meter to be measured. Hence, it is measured for the finalized
solar reflector coating and compared with other available
coatings. The breakdown voltage of the reflector coating was
measured using a ZEAL Breakdown voltage tester.

RESULTS AND DISCUSSION

Anodizing is an electrochemical process used to coat oxide
film on metal surfaces. Anodization layer on AA2024 alloys
developed, which acts as a solar reflector coating and is used
widely in spacecraft thermal control applications. In present
work, anodization was carried out in sulphuric and hydro-
fluoric acid mixture and evaluated for the optimization of the
current density, duration of the treatment, bath temperature,
concentration of acids etc. to meet the optical properties of
the coating.

Anodization process optimization: The optimization of
the anodization process was carried out by varying the electr-
olyte mixture of sulphuric acid and hydrofluoric acid. The
process was carried out to investigate the influence of coating
thickness and various operating parameters viz., current density,

time of the process, bath temperature and electrolyte concen-
tration on thermo optical properties of the coating. The develop-
ment of a coating over aluminium 2024 alloy of 10-12 µm
thickness to assure the sustainability of the coating. The desired
coating was characterized by the scanning electron microscope
equipped with energy dispersive X-ray spectroscopy and
microhardness and results were compared with the chromic
acid and sulphuric acid anodized coating as well as bare (non-
anodized) samples.

Effect of anodic coating thickness on solar reflector
coating: Emittance is the surface phenomenon which indicates
the emittance in the infrared region, when an anodized layer
is formed on the specimen, the IR emittance increases with
the increase in thickness and solar absorbance decreases. The
solar reflector property depends upon the α/ε ratio of the surface.
Hence the thickness is varied to optimize the α/ε ratio as the
minimum to maintain the solar reflector properties. Fig. 1a
shows the variation of solar absorbance and IR emittance with
respect to the coating thickness. There is a slow increase in the
α value of the coating and at the same time, there is a sharp
rise in the IR emittance with an increase in thickness. The ratio
of α/ε obtained for the thickness of 5 µm and 10 µm is compar-
able. Hence, the optimum thickness for the solar reflector
coating is finalized at 10 ± 2 µm, which gives a stable anodized
layer compared to the anodic layer of thickness of 5 µm.

Effect of current density: To understand the effect of
current density on the optical properties of the coating, trials
were conducted at various constant current densities varying
from 2 A/ft2 to 10 A/ft2. The electrolyte concentration was
maintained as 175 g/L sulphuric acid and 1 mL/L hydrofluoric
acid at room temperature (25 ± 5 ºC). At lower current density,
the rate of anodic film formation was low and the coating
obtained was having poor absorbance and emittance. But at a
higher current density, the appearance of the coating resembles
the normal sulphuric acid anodized samples and the α/ε ratio
was increased to an extent which never meets the requirements
of solar reflector coating. Fig. 1b shows the effect of current
density on the α and ε values of the coating. The lowest α/ε
ratio was obtained at a current density of 40 A/ft2.

Effect of process time: The effect of the anodization
process time was monitored by carrying out in different time
intervals between 5 to 60 min (Fig. 1c). As the processing time
increases thickness and α/ε ratio also increases. However, the
minimum α/ε value was obtained in 5 min, as the appreciable
coating thickness is not obtained in 5 min the processing time
was fixed to 10 min.

Effect of electrolytic temperature: The electrolyte bath
temperature controls the appearance as well as optical prop-
erties of the anodic coating. Hence, the temperature plays an
important role in the anodization process. To monitor the effect
of temperature on the bath, the anodization process was carried
out from 0 to 25 ºC. The temperature of the bath was main-
tained by using a chiller unit. The results of the temperature
effect are shown in Fig. 1d and the combination of sulphuric
acid and hydrofluoric acid temperature does not show any
effect on the formation of coating thickness and hence optical
properties.
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Effect of concentration of sulphuric acid and hydro-
fluoric acid: The effect of the concentrations of electrolytic
bath mixture on the anodization process was investigated by
taking the different volumes of the sulphuric acid (75 to 275
mL/L) and hydrofluoric acid (0 to 5 mL/L) to optimize for
the desired optical properties. The addition of hydrofluoric
acid causes the activation of the alloy surface by thinning the
existing oxide film and enables the oxidation of aluminium
alloy thereby formation of the coating to proceed. The addition
of fluoride ions to the electrolyte also causes for achieving a
large reduction in the anodizing voltage [13]. In order to fix
the volume of sulphuric acid, the volume of hydrofluoric acid
was fixed to 1 mL/L and varied the volume of the sulphuric
acid was from 75 to 275 mL/L. From Fig. 1e, data indicate
that an increase in the concentration of sulphuric acid from 75
mL to 175 mL/L shows the decrease in α/ε values and then
remains constant further. Similarly, to fix the concentration of
hydrofluoric acid, the concentration of sulphuric acid is kept
at 175 mL/L and varied the concentration of hydrofluoric
acid is from 0 to 10 mL/L. Fig. 1f shows that the addition of
1 mL of hydrofluoric acid to 175 mL/L sulphuric acid bath
shows the lowest α/ε value. Further addition of hydrofluoric
acid has increased the α/ε values. In these studies, the current
density applied was 40 A/ft2 for 10 min at room temperature
(20 ± 5 ºC). Based on the data obtained for various parameters,
the optimum parameters of the electrolytic bath are shown in
Table-3.

TABLE-3 
FINALIZED PARAMETERS FOR ANODIZING 

Electrolytic composition 
Sulphuric acid  175 mL/L 

Hydrofluoric acid 1 mL/L 
Process parameters 

Temperature 25 ± 5 °C 
Average current density 40 A/ft2 

Time for anodizing 10 min 
 

Evaluation of the coating

Visual inspection: All the anodized specimens were visually
examined with the unaided eye as well as under a magnification
of 15× using a stereo microscope. The coatings were found to
be continuous, smooth and uniformly white in colour with no
loose films, breaks, scratches, cracks, patches or other defects.

Thickness measurement: The anodized samples over
aluminium 2024 substrates were sectioned using diamond
cutting wheel. The sectioned surface was then metallographic
polished with 220 grit, 340 grit and 600 grit emery sheets.
The samples were then polished with alumina (particle size
0.3 µm and 0.05 µm) suspended solutions to have a smooth
uniform surface and then subjected to SEM analysis to measure
the plating thickness. The anodizing thickness was found to
be around 10 to 12 µm. The thickness of the anodic coating
was confirmed by the eddy current method using a thickness
tester. This instrument employs a probe coil carrying an RF
alternating current.

Composition of the coating: The EDS analysis of the
anodic surface obtained at different concentrations of sulphuric
acid and hydrofluoric acid were compared with each other as
well as with normal sulphuric acid anodized and chromic acid
anodized samples. Table-4 shows the elemental composition
(EDS) of anodic coatings at different concentrations of sulphuric
acid and without the addition of hydrofluoric acid to the bath.
With an increase in the concentration of sulphuric acid, there
is a gradual increase in the concentration of elemental oxygen
as well as sulphur with a reduction in the aluminium percentage.

This clearly shows the increase in the rate of anodizing
with an increase in the concentration of sulphuric acid. But
with the addition of hydrofluoric acid to the bath, there is no
prominent change in the concentration of elemental oxygen
and sulphur. At the same time, there is a gradual increase in
the elemental concentration of fluoride in the coating. From
the different parametric studies, the concentration of sulphuric
acid is fixed at 175 mL/L and the studies continued to under-
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Fig. 1. Variation of α/ε values with change in (a) thickness, (b) current density, (c) time, (d) temperature, (e) concentration of H2SO4 in 1 mL
HF, (f) concentration of HF in 175 mL H2SO4
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TABLE-4 
ELEMENTAL COMPOSITION (EDS) OF ANODIC  
COATINGS AT DIFFERENT CONCENTRATIONS  

OF H2SO4 AND WITH/WITHOUT HF 

Elemental composition (%) Conc. of 
H2SO4 in 

bath (mL/L) 

Conc. of HF 
in bath 
(mL/L) O Al S F 

75 0 48.7 46.0 5.2 – 
125 0 49.0 45.0 6.0 – 
175 0 49.3 43.9 6.8 – 
225 0 49.5 43.1 7.4 – 
275 0 49.6 42.4 7.9 – 
325 0 49.8 42.0 8.0 – 
175 1 46.3 46.8 6.4 0.1 
175 2 48.9 44.3 6.0 0.7 
175 3 53.3 39.8 5.8 1.0 
175 4 54.8 39.3 4.8 1.2 
175 5 52.9 41.3 4.6 1.2 
175 10 11.5 88.2 0.1 0.2 

 

stand the effect of hydrofluoric acid inclusion in the bath. Table-4
shows the elemental composition (EDS) of anodic coatings at a
fixed concentration of sulphuric acid and different concen-
trations of hydrofluoric acid. The addition of a small amount
of hydrofluoric acid to the bath has shown a drastic change of
α/ε value of the coating. But increase in the addition of hydro-
fluoric acid does not have any effect on the α/ε values of the
coating. So, the addition of minimal hydrofluoric acid is pre-
ferred for the achievement of solar reflector coating.

SEM studies: Fig. 2 shows the comparison of scanning
electron images of solar reflector coatings with a gradual
increase in the concentration of hydrofluoric acid. Fig. 3 shows
the comparison of SEM images of the optimized solar reflec-
tor coating with sulphuric acid and chromic acid anodized

aluminium alloy samples along with bare AA2024 alloy. There
is a clear difference in the pattern of an anodized layer of solar
reflector coating when compared to sulphuric acid and chromic
acid anodized coatings. The flakier structure of solar reflector
coating led to the differential optical properties of the optimized
coating. This flaky structure increases with the addition of hydro-
fluoric acid up to 3 mL, but further addition of hydrofluoric
acid leads to a structure similar to the normal sulphuric acid
anodized sample. The increase in flaky structure has also led
to the increase in absorptance value and results in a high α/ε
ratio.

Microhardness studies: Since the thickness of the coating
was very less, the hardness value obtained was found to be almost
the same as the bare sample. Hence, the microhardness values
were compared to bare aluminium 2024, sulphuric acid anodized
and chromic acid anodized samples. The reason for the lowest
microhardness value of the solar reflector may be due to the
low thickness of the developed coating. The microhardness
value of the chromic acid anodized layer is found to be better
than the bare sample (Table-5). Similarly, the microhardness
values of the sulphuric acid anodized samples were better than
the chromic acid anodized.

Microhardness measurements of the samples were done
on the surface and this may cause interference with the base
material. The microhardness of the anodized layer is a bit difficult
to measure since the thickness of the layer is very small and
the impact of the base metal is inevitable. So, the above-said
values may not be proper with respect to the anodic layer.

Breakdown voltage studies: The breakdown voltage of
the reflector coating was measured and compared with the
sulphuric acid and chromic acid anodized samples. High voltage
is applied across the insulated specimens and find out the

With 1 mL HF With 2 mL HF With 3 mL HF

With 4 mL HF With 5 mL HF With 10 mL HF

Fig. 2. Scanning electron microscope images of solar reflector coatings with a gradual increase in the concentration of hydrofluoric acid
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(a) Solar reflector (b) Chromic acid

(c) Sulphuric acid
(d) Bare sample

Fig. 3. Scanning electron microscope images of the (a) finalized solar reflector coating, (b) chromic acid anodized coating, (c) sulphuric acid
anodized coating and (d) bare aluminium 2024 alloy samples

TABLE-5 
COMPARISON OF VICKERS HARDNESS VALUES 

Material type Microhardness (VHN) Average 
77.2 
79.4 Bare Al 2024 sample 
80.4 

79 

86.8 
89.1 

Chromic acid 
anodized sample 

89.3 
88 

122.7 
121.3 

Sulphuric acid 
anodized sample 

121.1 
122 

75.8 
82.3 

Solar reflector 
sample 

81.5 
80 

 
breakdown voltage of the specimen, further which voltage will
not increase in the tester. It is understood that the breakdown
voltage of sulphuric acid anodized samples will be around

200 to 300 V and for the chromic acid anodized samples the
breakdown will happen at the voltage of 50 V (Table-6). Hard
anodizing is the hardest coating process, which gives a break-
down voltage of 800 to 1000 V. The solar reflector coatings

TABLE-6 
BREAKDOWN VOLTAGE READINGS  
FOR SOLAR REFLECTOR COATING 

S. No. Breakdown 
voltage (V) 

S. No. Breakdown 
voltage (V) 

1 360 9 430 
2 350 10 430 
3 330 11 460 
4 250 12 420 
5 270 13 360 
6 330 14 440 
7 350 15 280 
8 410 16 310 

Average: 335 
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were checked for its breakdown voltage. It has a breakdown
voltage from 250 to 440 V. The average breakdown voltage of
the said coating is 355 V, which is higher than sulphuric acid
anodized and chromic acid anodized samples.

Optical properties: During the thickness variation studies,
the lowest α/ε value was obtained at a thickness of 10 µm
anodized layer. Similarly, the lowest α/ε values were obtained
at 40 A/ft2 current density, 10 min process time, 20 ± 5 ºC
temperature and 175 mL/L sulphuric acid and 1 mL/L hydro-
fluoric acid electrolyte. Each parameter was finalized based
on the evaluation of the optical properties of the coating. The
optical properties of the solar reflector coating were compared
with the various anodized coatings such as white paint, black
paint, aluminium paint, hard anodizing, chromic acid and sul-
phuric acid anodizing coating (Table -7) and the data indicate
the developed solar reflector coating is superior to the other
existing anodized coatings. The appearance of the existing
anodic coatings is compared with a developed solar reflector
coating (Fig. 4).

TABLE-7 
COMPARISON OF OPTICAL PROPERTIES OF SOLAR 

REFLECTOR COATING WITH OTHER AVAILABLE COATINGS 

Type of coating α ε α/ε 
White paint 0.20 0.90 0.222 
Black paint 0.95 0.90 1.05 
Aluminium paint 0.25 0.25 1.00 
Hard anodizing 0.90 0.90 1.00 
Chromic acid anodizing 0.60 0.30 2.00 
Normal sulphuric acid anodizing 0.32 0.78 0.41 
Solae reflector coating 0.16 0.83 0.193 
 

Conclusion

In summary, a solar reflector anodic coating on aluminium
2024 alloy was obtained in an electrolytic system containing
175 mL/L sulphuric acid and 1 mL hydrofluoric acid. The oper-
ating temperature was 20 ± 5 °C at a current density of 40 A/
ft2 for 10 min. This process provides the solar reflector coating
with the lowest α/ε value, suitable for thermal control applica-
tions. A drop in the solar absorptance value of anodic coating
is obtained by the addition of 1 mL/L hydrofluoric acid in the
sulphuric acid anodizing solution. The optimized process prov-

(a) (b) (c) (d)

Fig. 4. Comparison of the different types of anodic coatings with a solar reflector coating (a) hard anodized, (b) sulphuric acid, (c) chromic
acid, (d) solar reflector coating

ides highly reproducible results. A solar reflector coating with
a thickness of 10-12 µm is obtained under optimized parameter
conditions. Flaky structure or morphology of the developed
solar reflector coating is compared with the smooth structure
of the sulphuric acid and chromic acid anodized samples. This
uneven, flaky structural pattern is the apparent reason for the
achievement of lowest α/ε value (solar reflector) coating. Micro-
hardness of the developed solar reflector coating is found to
be 80 VHN and compared with the bare sample, hard anodized,
sulphuric acid and chromic acid anodized samples. The break-
down voltage of the solar reflector coating was found in the
range of 250-460 V and better when compared to the chromic
acid and sulphuric acid anodizing.
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